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FOLIAGE AGE AS A FACTOR IN FOOD UTILIZATION BY THE WESTERN SPRUCE
BUDWORM, CHORISTONEURA OCCIDENTALIS

Elizabeth A. Blake' and Michael R. Wagner!

ABSTRACT.—The influence of current year foliage age on food consumption and utilization by the western spruce
t budworm, Choristoneura occidentalis (Lepidoptera:Tortricidae). was examined. Larvae were fed immature foliage of
| Douglas-fir (Pseudotsuga menziesii var. glauca), Engelmann spruce (Picea engelmannii), and corkbark fir (Abies
| lasiocarpa var. arizonica) in June and August of 1981 and Douglas fir in June and July of 1982. All larvae feeding on
¢ early season (June) foliage reached maturity. Larvae feeding on middle (July) and late (August) season foliage died
before reaching pupation. Relative growth rate and efficiency of conversion of ingested food decreased with foliage age
in both the 1981 and 1982 experiments. Relative consumption rate increased with foliage age in the 1981 and decreased

in the 1982 experiment.

The normal free-feeding period for western
spruce budworm, Choristoneura occidentalis
Freeman, larvae begins in early spring at host
bud burst. The larvae feed primarily on imma-
ture host foliage, ingesting mature foliage
only when the preferred diet is unavailable.
Nutrient content and ease of ingestion and
digestibility are often greater in immature fo-
liage than in mature foliage (Heron 1964,
Scriber and Slansky 1981). Host defenses such
as lignins, silica, tannins, oils, waxes, and
resins often increase with foliage age. Such
changes in food quality may be responsible for
the western spruce budworm’s preference for
early season foliage.

The purpose of this study was to determine
the influence of the age of current year foliage
on consumption and utilization by the west-
ern spruce budworm.

METHODS

Feeding experiments were conducted 13
[une-4 July and 10 August-25 August in 1981
and again 16 June-10 July and 10 July-30 July
n 1982. Larvae were collected from the field
ind reared individually in 150 X 25 mm petri
lishes at 16L:8D and 24-26 C during the
eeding experiments. Sixteen replicates were
set up for each year and season. Host tree and
arvae selection and calculation of nutritional
ndices followed Wagner and Blake (1983).
ollection of larvae and foliage, preparation of
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foliage for feeding, and calculation of ingested
foliage differed in 1981 and 1982.

To standardize the host phenological stage,
early season feeding experiments were begun
when the foliage was at the “brush” stage (bud
cap gone, needles flaring but no shoot growth
so needles appear to arise from one location)
(Shepherd 1983). The middle season feeding
experiment conducted in 1982 was begun af-
ter all the larvae used in the early season
experiment had pupated. The 1981 late sea-
son feeding experiment was conducted in
early August, after the natural insect popula-
tion had ceased feeding in the field.

1981 Feeding Experiment

When C. occidentalis larvae were collected
in the field, no attempt was made to segregate
them based on the host foliage from which
they were collected. Third instar larvae were
selected for the first seasonal experiment us-
ing head capsule measurements (Bean and
Batzer 1957, Wagg 1958). The remaining lar-
vae were reared to pupation, mated, and al-
lowed to oviposit. When the eggs hatched,
the larvae were placed on artificial diet to
feed. Those larvae that did not diapause were
selected from the population and reared to the
fourth instar on artificial diet. Larvae were
moved to natural foliage 48 hours before the
second seasonal experiment was begun. A
minimum of 24 hours was necessary for suc-
cessful acceptance and assimilation of a food
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source by the budworm larvae (Jacqueline
Lee Robinson, personal communication).

Foliage was collected at random from the
lower crown of Douglas-fir, Pseudotsuga men-
ziesii var. glauca (Beissn.) Franco, corkbark
fir, Abies lasiocarpa var. arizonica (Merriam)
Lemm., and Engelmann spruce, Picea engel-
mannii Parry ex. Engelm. trees located ap-
proximately 16 kin north of Flagstaff, Arizona.
Previous years’ needles were clipped from the
stem, and the twigs, with only current year
foliage attached, were weighed.

The foliage twigs were replaced every 72
hours, and the twigs that had been fed upon
were oven dried (60 C until no further weight
loss occurred) and weighed. Foliage ingested
was calculated on a dry weight basis as follows:

W,=(Wy - X)3—DW,

where:
W,=dry weight of foliage ingested (mg)
W=fresh weight of the foliage twig be-
fore feeding (mg)

X=% dry weight of an aliquot foliage
twig

DW,=dry weight of the foliage twig af-
ter feeding (mg)

The aliquot twig used to calcuiate the initial
dry weight of each feeding twig was selected
for uniformity in size and phenological stage
from the same host tree that provided the
feeding twig.

Each replicate was terminated at pupation
or when the larvae stopped feeding. Pupae
and total feces for each replicate were oven
dried and then weighed. Total foliage in-
gested was calculated and duration was noted
for each replicate. Data were analyzed using a
one-way analysis of variance (AOV) with alpha
equal to 0.10.

1982 Feeding Experiment

Third instar larvae were collected from
Douglas-fir trees in the Kaibab National
Forest, North Kaibab Ranger District, Ari-
zona. Larvae used for the early season experi-
ment were allowed to feed on Douglas-fir fo-
liage and advance to the fourth instar. Larvae
used for the middle season feeding experi-
ments were placed in cold storage at the time
of collection to retard their development.
These larvae were brought to room tempera-
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ture five days before the experiment was to
begin and allowed to advance to the fourth
instar.

Foliage used for the 1982 feeding experi-
ment was collected from a single medium
vigor (Waring et al. 1980) Douglas-fir tree.
Paired foliage samples, selected for unifor-
mity in size and phenology, were collected
from midcrown at the four cardinal directions.
One twig was used to determine the average
dry weight per needle; the other foliage twig |
was used to feed one budworm larva. The |
average weight per needle was later used to
estimate the dry weight of the foliage con- |
sumed by the insect. Foliage was replaced
every 72 hours to assure freshness and accept-
ablhty

Each replicate was terminated at pupatlon .
or when feeding ceased. Total foliage mgested
was calculated; pupae and feces were oven |
dried and then weighed. After calculating the
nutritional indices, data were analyzed usinga
one-way AOV, with alpha equal to 0.10. ()

;” |
RESULTS AND DISCUSSION

Total foliage ingested was eliminated from
the data analysis because the length of feeding '
time was highly variable between the feeding
seasons. Nutritional indices for early, or nor-,
mal, season feeding were calculated for larvae|
that had pupated. All the larvae feeding or.
middle (1982) and late (1981) season foliage '
died before reaching pupation. However, the
nutritional indices were still calculated for lar
vae that fed for at least 10 days. The percento: -
larvae that survived until pupation was calcu |
lated for each experiment.

Results of the 1981 experiment using Doug | s
las-fir foliage showed significant difference
between early and late season foliage for al
the nutritional indices calculated (Table 1)
Budworms feeding on late season foliage ap = -
pear to have increased their relative con' |
sumption rate (RCR) to compensate for a de’ -
crease in efficiency of conversion of ingestec |
food to body weight (ECI). Despite this effort;

C. occidentalis larvae were unable to maintai
arelative growth rate (RGR) statistically equa’ -
to budworms feeding on early season foliage. |

Larvae feeding on Engelmann spruce fo
liage followed the same pattern of food utiliza |,
tion as larvae feeding on Douglas-fir foliag
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TaBLE 1. Effect of Douglas-fir foliage age on food uti-
lization by western spruce budworm (1981).

Food utilization indices

Relative Relative

Survival consumption  growth
Season % rate rate ECI
Early
(16,4)" 25 3.00 AY 0.09A 5.08A
Late
(16,4) 0 9.28 B 0.01B 0.16B
F-Prob. 0.07 0.02 0.02

ZOne-way AOV, a = 0.10, values followed by different letters are signifi-
cantly different.

bNumbers in parentheses are, respectively, initial number of larvae and
number of larvae used to calculate nutritional indices.

ECI = Efficiency of ingested food to body weight.

Designations apply for three following tables.

TaBLE 2. Effect of Engelmann spruce foliage age on
food utilization by western spruce budworm (1981).

Food utilization indices

Relative Relative

Survival consumption growth
Season % rate rate ECI
Early
(16,3) 19 1.33A 0.15A 1L.65A
Late
(16,2) 0 419B  —0.05B — 1.34B
F-Prob. 0.01 0.01 0.01

TaBLE 3. Effect of corkbark fir foliage age on food
utilization by western spruce budworm (1981).

Food utilization indices

Relative Relative

Survival consumption  growth
Season % rate rate ECI
Early
(16,2) 13 2.67A 0.13A 4.78A
Late
(16,5) 0 4.70 A 006 A 3.24A

- F-Prob. 0.50 0.24 0.56

TABLE 4. Influence of Douglas-fir foliage age on food
utilization by western spruce budworm larvae (1982).

Food utilization indices

Relative Relative
Survival consumption  growth
Season % rate rate ECl1
Early
1(16,6) 38 1.58 A 0.08A 5.08A
Middle
1(16,2) 0 1.05B —0.08B —8.02B
F-Prob. 0.02 0.0002 0.0014
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(Table 2). Although their average RCR in-
creased significantly, the mean larval weight
was significantly lower in the late season ex-
periment when compared to the mean weight
of larvae reared on early season foliage. In
fact, the larvae that were fed late season fo-
liage lost weight, probably as a result of a
negative average ECL

No significant differences were found be-
tween seasons for the three indices reported
when C. occidentalis larvae were fed corkbark
fir foliage (Table 3). However, the pattern of
change in food utilization was similar to the
results of the experiments using Douglas-fir
and Engelmann spruce.

Significant differences were found in uti-
lization between early and middle season
feeding in 1982 (Table 4). RGR and ECI de-
creased significantly, which follows the pat-
tern of the 1981 experiment. However, RCR
also decreased significantly during the middle
season feeding rather than increasing as pre-
dicted by Waldbauer (1968) and the 1981
feeding experiments. The larvae may have
encountered chemical or physical feeding de-
terrents in the middle season foliage that re-
sulted in low RCR. This result could also have
been due to the period of cold storage used to
slow larval development, which may have
been retarded to the point where the larvae
could not recover.

The statistical results of the foliage age ex-
periments conducted in 1981 and 1982 can
only be compared as to their relative patterns.
Actual numbers should be disregarded due to
the inconsistency in initial larval stage.

CONCLUSIONS

Host foliage phenology appears to greatly
influence the food utilization and develop-
mental success of C. occidentalis. Although
no chemical tests were conducted on the fo-
liage used for these experiments, the signifi-
cant changes in RCR, RGR, and ECI suggest
that chemical and physical changes may be
occurring during the growing season. As pre-
dicted by Waldbauer (1968) and Scriber and
Slansky (1981), RCR was significantly greater
and ECI was significantly lower for budworms
feeding on late season foliage than for those
feeding on early season foliage in 1981. De-
spite this apparent effort to compensate for a
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suboptimal food source, the budworm larvae
feeding on late season foliage were unable to
complete their development.

The overall pattern of decreased RGR and
ECI and the survival rate of the larvae feeding on
middle season foliage in 1982 are comparable to
those of the 1981 experiments. The decrease in
RCR from the early to the middle season experi-
ment does not follow the 1981 pattern. This may
be due to chemical or physical feeding deter-
rents that could not be overcome by the bud-
worm larvae.

Budworm larvae feeding on middle and late
season foliage experience retarded development
and mortality, though many feed as long as suc-
cessful larvae that feed on early season foliage.
These findings are consistent with those of
Heron (1964), who studied C. occidentalis feed-
ing on mature white spruce needles.

The feeding behavior of C. occidentalis ap-
pears to be adapted for making the most of the
nutrients provided by the foliage of its host early
in the growing season, while avoiding the physi-
cal and chemical defenses that may increase as
the foliage matures. Studies of the physical and
chemical changes in the foliage of these host
trees as the growing season progresses are
needed to better understand the feeding behav-
ior of the western spruce budworm.
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